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ARL-13 SUMO wrestles receptors into cilia

S
UMOylation of the small GTPase ARL-13 helps target signaling receptors into primary cilia, Li et al. reveal.
Primary cilia are microtubule-based membrane protrusions that serve as hubs for multiple signaling pathways. In C. elegans, ARL-13 promotes cilia assembly by coordinating intrafl agellar transport along ciliary microtubules, and the GTPase is also required for the correct localization of signaling receptors to the ciliary membrane.
In a yeast two-hybrid screen for ARL-13 binding partners, Li et al. identifi ed UBC-9, an enzyme that conjugates the small, ubiquitin-like modifi er SUMO onto target proteins. UBC-9 colocalized with ARL-13 in primary cilia and SUMOylated the GTPase near its C terminus. A non-SUMOylatable ARL-13 mutant localized to cilia and restored ciliogenesis in worms lacking wild-type ARL-13. But the rescued cilia lacked membrane proteins like the mechanosensor polycystin-2, indicating that ARL-13 SUMOylation is required for the proper ciliary localization of signaling receptors. A constitutively SUMOylated version of ARL-13 successfully restored both ciliogenesis and receptor targeting.
The human homologue of ARL-13, ARL13B, is mutated in the ciliopathy Joubert syndrome. ARL13B was also SUMOylated by UBC9, and this modifi cation was required for the ciliary localization of human polycystin-2. Because polycystin-2 is mutated in polycystic kidney disease, Li et al.'s fi ndings may explain why Joubert syndrome patients have cystic kidneys. Mislocalization of other signaling proteins may underlie additional symptoms associated with the disease. Senior author Jinghua Hu now wants to investigate how SUMOylation regulates ARL-13's function in ciliary targeting. One possibility is that SUMOylation allows ARL-13 to bind an adaptor that links the GTPase to different receptors. The fellowship of the Z ring T erBush and Osteryoung explore how two cytoskeletal proteins combine to promote chloroplast division.
FtsZ proteins are a family of tubulin-like GTPases that polymerize into "Z rings" at the equator of bacteria and chloroplasts, facilitating cell or organelle division. Bacteria have a single FtsZ gene, whereas plants express two, FtsZ1 and FtsZ2, which have unique functions in chloroplast fi ssion despite coassembling into the organelle's Z ring. The nature of these functions is unknown, however, so TerBush and Osteryoung investigated the properties of the plant FtsZ proteins by expressing them in fi ssion yeast.
FtsZ1 and FtsZ2 self-assembled into a variety of different structures-including rings-inside yeast cells. FtsZ1 typically assembled into long cables, whereas FtsZ2 formed more elaborate networks. When the two proteins were coexpressed, they coassembled into structures resembling the FtsZ2 meshworks, suggesting that FtsZ2 is the main determinant of polymer morphology. FtsZ1, on the other hand, appears to control polymer dynamics. Photobleaching experiments revealed that subunit turnover was faster in FtsZ1 fi laments than in FtsZ2 structures, but FtsZ2 became more dynamic when copolymerized with FtsZ1. FtsZ1 may therefore help remodel the Z ring as it constricts during chloroplast division.
Turnover is thought to depend on the GTPase activity of FtsZ proteins, and fi laments formed by a GTPase-defi cient version of FtsZ2 were completely immobile. A GTPase-dead FtsZ1 mutant still formed dynamic fi laments, however, suggesting that FtsZ1-containing structures may be less stable because FtsZ1 subunits form weaker interactions with their neighbors. The researchers now want to test this hypothesis by investigating the structure of the interface between FtsZ proteins. 
